The main objective of the article is to verify the hypothesis that any municipality in Poland, which is at risk of flood, is a socio-ecological system (SES) of a certain level of adaptability. Assessment of adaptability of an SES municipality at risk of flood requires finding such features of the system which have direct impact on the process of its adaptation to the risk and which make useful indicators for assessing current adaptability of a municipality. Based on the research conducted, the article presents four categories of features: human capital and social potential, financial potential, ecological potential and organisation potential, with 15 features within them to describe the adaptability of a municipality-SES in case of flood risk.
Introduction
Adaptation to climate changes can be affected by various factors, including political, environmental, cultural and economic ones or those related to processes of international relations and security. Furthermore, diverse circumstances which determine adaptation measures depend also on the advancement of adaptation process and previously achieved effects. Adaptation measures, which should be implemented within the pending adaptation process on each level (international level, state, as well as local level), condition the process's success. Adger et al. argue that the success PrAcE GEoGrAFicznE zeszyt 159, 2019, 25 -48 doi : 10.4467/20833113PG.19.018.11486 instytut Geografii i Gospodarki Przestrzennej UJ Komisja Geograficzna, Polska Akademia Umiejętności Wydawnictwo Uniwersytetu Jagiellońskiego of strategic adaptation measures in the future will be determined by the negative impact of extreme natural phenomena which will raise the awareness of climate change within the process of shaping state policies (Adger et al. 2005) .
The forecasted climate change concerns the territory of Poland, too (KLiMAT 2012) . Therefore, decision-makers on the state level perceive this problem as rational and they have initiated various projects, including Development of Urban Adaptation Plans for cities with more than 100,000 inhabitants in Poland (Polish abbr. MPA). The MPA project involved identification of the main climate hazards for 44 of the biggest cities in Poland (Dumieński et al. 2019) and an analysis in order to identify sensitive sectors of Polish cities and to develop a list of adaptation measures adjusted to particular agglomerations and reducing negative consequences of climate change-related hazards (SPA 2010; iPcc 2012; MPA 2017) . it should be highlighted that taking specific adaptation measures, especially on the local level, is a new responsibility of the local government, arising directly from the need to adapt to climate change (Głogowska, Pawlak 2015; Gendźwiłł 2017; Lackowska, Swianiewicz 2017) .
With more than 80% of European cities having low or very low adaptive potential (Dubiel 2016) , it is very difficult to choose the most efficient measures to ensure cities' resilience to the progressing climate change (DEFrA 2013) . Adaptation to climate change involves very high costs (ingham, Ulph 2003) , but it is economically rational to reduce the negative consequences of currently observed and forecasted extreme natural phenomena related to climate change (including floods) (Dubiel 2016) . For example, a failure to take clearly defined adaptive measures in Poland may lead to losses of up to 86 billion PLn until 2020 and a further 119 billion PLn in 2021-2030 (2010 prices) (SPA 2013; Dubiel 2016) . Forecasts of increasing frequency and intensity of disastrous phenomena should be taken into account, too (iPcc 2012; costache 2017) . in Poland this concerns especially periods of drought or heavy rains with resultant floods, including flash-flood types (KLiMAT 2012) .
The observed impact of climate change on natural and social systems (e.g. Mccarthy et al. 2001; Parmesen, Yohe 2003; iPcc 2012; KLiMAT 2012; SPA 2015) has become a starting point of studies assessing the adaptability of socio-ecological systems (SES) with respect to variable natural hazards, including floods (Scheuer et al. 2010) . in 2016, the Polish government approved Flood risk Management Plans for river basin areas and water regions (Polish abbr. PzrP), which provide a catalogue of technical and non-technical measures to limit negative consequences of floods, thus corresponding to the state activity aimed at a reduction of the negative impact of this phenomenon. However, while the PzrP assigned specific levels of flood risk to particular municipalities, their adaptability to flood risk was not assessed. The documents assume that the adaptability is the same (identical) for all flood--hazard municipalities in Poland.
Research objectives and methods
The main objective of the article was to verify the hypothesis that any municipality in Poland which is at risk of flood is a socio-ecological system (SES) of a certain level of adaptability. Therefore, it was assumed that a municipality is a specific socio-ecological system which allows establishing a definition of socio-ecological system and its adaptability to flood hazard. As a consequence of these assumptions, the article attempts to identify the system's features which affect the process of its adaptation to the hazard and which may also serve as useful indicators of assessment of the municipality's current adaptability. The research discussed in this paper was also based on the following questions: -What criteria can be applied to define the basic features of a municipality (as an SES) which determine the efficiency of the process of its adaptation to the (identified and expected) flood risk and to maintain efficiency and effectiveness of processes within the SES aimed at ensuring well-being of its inhabitants? -What is the impact of the selected features of a municipality as an SES on its adaptability to flood hazard?
The multi-aspect and interdisciplinary character of the research determined the selection of research methods. Thus, considering the concept of a socio-ecological system and a municipality as a unit of territorial government in Poland, the analytical-descriptive method was applied (Hill 1997; Krüger 2005; Trask 2007) , along with the normative approach.
Application of the analytical-descriptive method seems necessary, as it combines strengths of a multi-aspect scientific analysis of available literature with the specificity of actually existing features which define the adaptability (or no adaptability) of a municipality at risk of flood. Furthermore, using this method enables conceptualisation, and then operationalisation of the terms of adaptability, as well as the socio-ecological system, considering especially the specific nature of each of the systems: the social and the ecological one.
Another argument for applying this method (the analytical-descriptive one) involves using the system theory to describe a municipality. This theory focuses on indicating the presence of relationships between particular elements (Henderson 1935; Parsons 1991; Luhmann 2005) . in accordance to this theory, it was assumed that, firstly, each system has some individual features (features of the socio-ecological system), which, secondly, cannot be reduced to features of particular elements (features of the social system and features of the ecological system), but they are the resultant of the elements' features. Therefore, it means that the socio-ecological system shapes its own attributes it uses to strive to maintain homeostasis, both the internal, and the external one -in relation to other systems.
For the purpose of developing a complete description of the issue discussed in the article, normative analysis was applied, too (Stelmach 2007) . Using this method (normative analysis) allowed indicating the specific nature of Polish municipalities, including municipalities' competencies as units of the local government. This type of analysis is expressed in the defined categories of municipalities' adaptability features, resulting from the existing legal regime, e.g. features within the financial and organisational potential, as well as the diversity of forms of nature protection, included in the ecological potential.
Specific nature of a polish municipality at risk of flood
Floods are the biggest natural hazard in Poland (rządowe centrum Bezpieczeństwa 2013). This is a result of the scale of floods in Poland, as well as the scope of the resulting damage. About 50% of municipalities in Poland are at risk of flooding with a probability of p=1%, i.e., "centenary water" (probability of flood once a century) (Dumieński et al. 2015; Matczak et al. 2016) . Further, in many municipalities, the range of flood risk (p=1%) reaches even up to 60% of their territory (Dumieński et al. 2015) , and for many potential flood damages exceed the total annual budgets managed by the respective municipalities (more in: Dumieński et al. 2018a ).
What's more, there is a normative reason to select a municipality, which is the basic unit of local government in Poland, as the unit for analysis. it is important to remember that a Polish municipality holds a range of competencies according to the currently binding law on flood protection (more about crisis situations in municipalities cf. Filaber 2016).
Therefore, choosing municipalities as the subject of the research corresponds to the postulate concerning involvement of local authorities in operations aimed at adapting local administrative units to identified hazards (Gendźwiłł 2017) . it should be stressed that local and regional authorities are institutionally and politically responsible for protecting citizens, and they are at the first line of reaction in crisis situations -ensuring basic services and supervision, as well as managing disasters, if they actually occur. Local and regional authorities are responsible for prevention and immediate reaction, as well as rescue operations, and above all -they have detailed knowledge about the locality and community. Local and regional authorities are also in charge of reconstruction after a crisis (Dziennik Urzędowy Unii Europejskiej 2017).
Municipality as a socio-ecological system facing flood hazard
Socio-ecological system (SES) is a term which was originally defined as a system of two strictly interrelated basic components of the geographical space which affect each other -both its natural resources and human capital, determined by cultural, political and economic factors (Holling 1973) . Bunge (1979) added more precise requirements for a definition of a system, stating that a minimal description of a system requires a definition of its three aspects: composition, environment and structure. composition of a system is a set of its parts, elements and components, while environment is a set of objects which are not elements of the system but are associated to the system; and structure is a set of the system's actual relations, especially correlations between components of the system as well as between the system and its environment (Bunge 1979) . The concept of SES was also analysed by e.g., Berkes and Folke (1998), Folke (2004) , Gallopin (2006) , Moser and Ekstorm (2010) and Birkmann (2013) .
in the Polish specialist literature on the subject, the term socio-ecological system (SES) was analysed by Degórski (2010) , who used Holling's definition (1973) to additionally indicate that the SES's environment includes a broadly defined economic sphere, which determines directions of the region's development (Degórski 2010) . According to Degórski (2010) , it is especially interesting to analyse the functioning of SES in areas which constitute the same geographic region, artificially divided into administratively separate, although physiognomically and naturally uniform structural units, which very frequently modify or even disturb historical spatial relations, functional and cultural connections. in the Polish context, a municipality is exactly such a region and it was also a subject of study related to the research of SES, described by Dumieński and Tiukało (2016) .
However, considering the dynamics of change within contemporary societies, as well the natural environment, with respect to the subject of the research it seems necessary to define more precisely the term of SES itself, correlations between the components of SES (i.e., the social and ecological systems), and to suggest a catalogue of determining factors which define the efficiency of the functioning of SES, despite the existence of extreme natural phenomena, e.g., floods.
Therefore, SES was defined as a set of two systems: the social system and the ecological system which depend on each other in their functioning. The subject (or the element) of SES in its social aspect is a human individual functioning in variable communities, e.g., society, organisations, institutions (municipality) or social groups. The ecological aspect, in turn, is shaped with biotic elements of nature (natural environment and anthropogenic elements). These entities form a network of interactions, interdependencies and connections, striving to the broadly defined development of SES. in the study, the researchers assumed that the basic purpose of the social system is to achieve a certain level of social well-being, arising from various social agreements and arrangements, constituted and/or approved by participating individuals. The purpose of the ecological system, meanwhile, is a constant need to survive, determined by what this system actually is. Therefore, it was eventually assumed that the purpose of SES is social progress considering the durability of the ecological system which can be achieved by shaping social attitudes and needs and by satisfying those needs and ensuring the possibility to maintain the ecosystem's functions. At the same time, social attitudes, with respect to the ecological system (arising from the self-assessment of the community's condition, among other factors), finally determine the nature of development of SES, which can be either sustainable or not. Hence, there are social attitudes present in the SES which constitute a set of emotions, actions and knowledge of the local communities and shape the SES' capacity of self-organisation and undertaking specific tasks in order to achieve a major goal (e.g. in a crisis situation), but also in order to maintain the relevant condition of its natural environment.
SES' capacity to achieve various goals depends on various factors: social, political, economic, cultural, historical and international ones, as well as environmental factors (including climate and biodiversity). The effectiveness of SES' achievement of the goal is affected also by multiple functions of the ecological system versus the social system, among them: -practical function which involves provision of natural resources serving to produce economic goods and energy, -ancillary function, involving possibility to reduce flood hazard, assimilate contamination (absorption of side effects of human social and economic activity) (Matczak 2000) and -aesthetic and cultural functions related to individuals' possibilities to experience natural beauty and contact with nature (Bukowska-Gorgoni, Pruszyński 1974). The effectiveness of accomplishment of particular goals of SES is determined also by specific attributes of the social subsystem related to the human and social capital, as well as organisational, economic and ecological potential, and finally the ecological subsystem's resilience (or non-resilience) to contemporary environmental hazards.
in the light of the above considerations, it is possible to treat a municipality as an SES shaped by the local community residing in a predefined area, as well as particular components of the natural environment along with anthropogenic elements which function in the same area.
in order to achieve the set goals effectively (those related to the functioning of the social system and ecological system, too) individuals residing at the area in question self-organise by establishing various organs, entities or institutions. in this context, municipal organs are important for the municipality's survival as an SES. Those adaPtability of a socio-ecoloGical system. the case of a Polish ... organs undertake relatively permanent, sensible, sovereign and planned actions aimed at achieving particular functions, needs and interests, values and ideas in the social and environmental (ecological) aspect (more in: Lisowska 2017) . Specific acts of law binding in this area are of importance, too.
Municipal authorities have access to particular types of tools (e.g., legal, economic and political ones) which affect both residents of the respective territory and components of the natural environment located within the administrative unit in question.
Municipal authorities' impact on the municipality as an SES is mainly due to the scope and content of competencies and responsibilities of these authorities with respect to the broadly defined environmental protection (as set in various legal acts). Some of them concern municipalities' operations related to environmental protection, while others define in detail their activities in the environmental aspect considering various circumstances, such as climate change or floods. Poland has relatively recently formulated actions with respect to climate change which describe many initiatives (SPA 2013) to be implemented in the environmental sphere by municipalities. Flood risk management is one of those initiatives. in this context, it is worth highlighting that flood protection in each municipality is organised by taking into account the Flood Hazard Maps (Polish abbr. MzP), Flood risk Maps (Polish abbr. MrP) and Flood risk Management Plans (Ustawa z dnia 20 lipca 2017).
However, effective and efficient actions by a municipality to cope with natural hazards, including floods, are held not only through the shaped system of responsibilities and norms assigned to particular organs of the municipality, they are also based on activities by other entities within the municipality. The capacity of municipalities to cope with flood prevention as well as reduction of a flood's negative impact is also reflected in non-institutional measures. it is primarily about a municipality as a local community shaped by its residents being able to establish a specific adaptive capacity, specific level of resilience to the diagnosed and forecasted flood hazard. The resilience allows for applying the available skills and resources of the municipality in order to reduce flood risk. These are such determining factors of municipalities' adaptability which gain importance in special situations, such as a flood. in practice, such factors, shaped within the adaptation process, may define the municipality's ability to manage flood risk.
The conceptual scheme of assessment of flood hazard assessment of a socio--ecological system, as presented in fig. 1 , is based on the assumption that any such system is characterised by the scale of exposition of its elements to flood (presented on flood hazard maps etc.) and their vulnerability to this phenomenon. A flood as a factor which disturbs SES' functioning, may display variable intensity at a given probability. Exposition refers to all elements of SES which are vulnerable to flood and located in the flood hazard area. Sensitivity involves characteristics (features) of SES' elements exposed to flood hazard which make flood a cause of various damages. Both exposition and vulnerability of elements of the system at risk of flood are affect the scale of potential damage due to a flood. However, the final scale of the damage is determined by the system's vulnerability, shaped by resilience of the system at risk of flood. resilience of a system is defined as its ability to reduce negative consequences in a stress situation and it includes durability of the system (in the context of change, buffer capacity, withstanding shocks), its adaptability and capacity to transform (in the case if the negative consequences and scale of the disaster force the system to transform its basic functions).
Adaptation and adaptability of a municipality as a socio-ecological system
Adaptation is a complex, permanent set of defined actions and processes aimed at adapting to changing conditions (Smit et al. 2000) .
Authors of definitions of adaptation, as discussed by Sienkiewicz-Małyjurek (Sienkiewicz-Małyjurek 2015) and others (Millenium Ecosystem Assessment 2005; Smit et al. 2006; Gersonius 2012; MPA 2017) , highlight that adaptation is treated as a process subject to a predefined goal. it should be noted that some definitions of adaptation suggest that the objective of adaptation process is not only to reduce a system's susceptibility to observed or expected hazards, but also to use the occurring opportunities related to changes in the functioning conditions of the system in question (Moser, Ekstorm 2010) . Moser and Ekstorm (2010) stress that these changes may sometimes (but not always) have negative consequences, too.
in the specialist literature on the subject, other definitions of adaptation can be found, too, focusing on its final effect, i.e., the achievement of a specific level of adaptability to the expected conditions of functioning of the system in question. This type of definitions of adaptation actually identify adaptation with adaptability (e.g. Gallopin 2006 , Folke et al. 2010 .
There was also a definition of adaptation developed within the intergovernmental Panel on climate change (iPcc 2012), which provided that adaptation is "adjustment to actual or expected climate and its effects, in order to moderate harm or exploit beneficial opportunities". However, the iPcc's definition separates natural and social systems, therefore in the present paper the definition by Moser and Ekstorm (2010) will be applied: "Adaptation involves changes in socio-ecological systems in response to actual and expected impacts of climate change". considering the specific nature of research discussed in this paper, concerning a municipality as a socio-ecological system at risk of floods, the above definitions (iPcc 2012; Ekstorm, Moser 2010) have been modified as follows: a municipality's adaption to flood hazard is a managed or free process aimed at making the municipality resistant to flood hazard, while the course of the process is determined by the variable features of the municipality.
in the context of the suggested definition of SES adaptation in the case of a municipality at risk of a flood, adaptability of an SES can be defined as the SES-municipality's ability to reduce negative consequences of floods achieved as a result of the adaptation process. This way of understanding adaptability is also in line with the definition by Walker et al. (2009) considering adaptability as the capacity to adjust to the changing conditions and ability of the systems' participants to impact its resilience.
The main factors determining adaptability of a municipality (SES) at risk of flood are: -adaptive potential, taking into account the quantity and quality of resources the municipality has and -adaptive capacity, or the capacity to activate the held resources in order to manage flood risks in the municipality sensibly. Adaptability of a municipality at any stage of its development can be assessed by its adaptive potential and adaptive capacity identified at the moment of assessment. Hence, one may conclude that adaptability characterises the condition of the particular system at the moment of assessment.
in view of the above considerations and for the purpose of original research, the authors applied the following definition of adaptability of a municipality as a socio--ecological system at risk of flood: the system's current capacity to activate its resources in order to reduce negative impact of floods. This definition highlights that a system's adaptability is constantly changing as a result of the adaptation process (within the SES). The process of adaptation shapes the adaptive potential and adaptive capacity of an SES. Still, the adaptive potential of a socio-ecological system results from specific features of the system in question and its elements, as well as resources it holds and can use in the process of adaptation (to increase its adaptability). Meanwhile, the adaptive capacity of a socio-ecological system is an effect of specific features and predispositions of the system related to activation of its adaptive potential. Adaptive capacity depends on the form of organisation of the community on each level and on the skills and coordination of activities by competent entities, including institutions within the municipality (Gendźwiłł 2017) .
Assuming that a socio-ecological system (e.g. a municipality) holds certain resources, then adoptive capacity means the ability to use them effectively in the process of adaptation. The process of adaptation brings a higher level of adaptability of thus defined socio-ecological system (municipality).
it should be highlighted that some researchers (e.g. Gersonious 2012) treat systems' adaptability and adaptive capacity as equivalent. if adaptability as a certain condition of the system within the process of adaptation is not differentiated from the factors that shape it (adaptive potential and adaptive capacity), it may have an adverse impact on analyses within particular case studies. According to Birkmann (2011) , adaptive capacity is connected to political and social relations. Skomra (2015) perceives adaptive capacity as a state's or its regions' ability to adjust to hazards or reduce them, especially through reduction of impact or probability of a disaster, defining adaptive capacity as the ability to manage risk. adaPtability of a socio-ecoloGical system. the case of a Polish ...
The definition of adaptive capacity of a municipality-SES at risk of flood takes into account arguments presented in the following publications: Moser (2008) which defines social capacity as the ability to introduce variable changes, sometimes deep and structural ones which help systems adjust better to long-term transformations in social and environmental areas; as well as the approach to adaptive capacity as the overall ability of institutions, systems and individuals to adjust to potential damage in order to use chances or cope with consequences (Millenium Ecosystem Assessment 2005) or also as the systems' ability to evolve in order to adjust to environmental hazards, concerning also changes in management structures which allow increased flexibility of the system (Sienkiewicz-Małyjurek 2015) . The authors of the quoted definitions refer to the institutional, management-related aspect which is very important in the case of a municipality perceived as an SES.
Each municipality as a socio-ecological system has multiple objectives. in the developed definition of an SES at risk of flood, it was assumed that the priority objective of a municipality as an SES is to achieve social progress considering the durability of the ecological system. A flood as a phenomenon, along with its negative impact, interferes with the possibilities to achieve those objectives of a municipality--SES. This means that the definition of the determining factors of municipalities' adaptability which affect the adaptive potential and adaptive capacity of an SES (the main factors of adaptability) allows for assessment of the current level of this specific feature (adaptability) of the system (municipality).
Development of a tool to assess the level of adaptability of a municipality as an SES to flood hazards will allow for planning and taking measures to stimulate effectiveness and efficiency of the process of reducing the municipality's vulnerability to hazards. Furthermore, the possibility to apply such a tool may serve to support management processes in defining the objectives of adaptation (and methods to achieve them) which consequently lead to reducing the flood risk and increased capacity to achieve specific objectives of the municipality-SES.
Features which determine adaptability of a municipality-ses at risk of flood
in the research area related to flood risk, many variable methods were applied to order features of socio-ecological systems which affect its specific characteristics, e.g. vulnerability (e.g. Walczykiewicz 2014; Działek et al. 2017) , sensitivity (e.g. rucińska 2015; Werner et al. 2015; Dumieński, Tiukało 2016) or adaptive capacity (including: Scheuer et al. 2011; Hahn, nykvist 2017) . As noted by Kuhlicke et al. (2011) , there is a need to build a capacity of coping with natural threats in societies for which these threats may bring adverse consequences in economic, social and environmental areas. Therefore, social capacity (Kuhlicke et al . 2011) is a property of the social system (as an element of the socio-ecological system) shaping its resilience to various threats.
For conducting the research on assessing adaptability of a municipality at risk of flood, it was useful to note that a municipality perceived as a socio-ecological system has a range of features which determine the process of adaptation to flood hazard and that these features may by classified. in this article, the investigated features of a municipality-SES determining its adaptability to flood hazard, were classified in four categories: c1 human capital and social potential, c2 financial potential, c3 ecological potential, c4 organisational potential. it should be stressed that the adaptive potential of a municipality is described by the features classified in the first three categories (human capital and social potential, financial potential, ecological potential -6.1, 6.2, 6.3 respectively), while the adaptive capacity of a municipality as a system is described by the features in the categories: human capital and social potential and organisational potential (6.1, 6.4, respectively).
Selection of the features of a municipality-SES which affect its adaptability to flood hazard, included in the four categories, was guided by postulates that such features should: -take into account the main attributes of the social system and the ecological system, and -indicate the current and expected challenges associated with the systems' functioning. Furthermore, the identified features of an SES which affect its adaptability to flood hazard were confronted with features affecting the social system's social ability to shape its resilience, developed by the research team of Kuhlicke et al. (Kuhlicke et al. 2011; Kuhlicke et al. 2012 ). This team presented 6 categories of features of the social system which shaped social capacity in confrontation with natural threats. The identified categories of social capacity included: knowledge capacity, motivational capacity, economic capacity, institutional capacity, procedural capacities, network capacities. Their definition by Kuhlicke et al. (2011) is presented in the last column of tables (tables 1-4).
Features which determine the adaptability of a municipality-SES within the category of features of human capital and social potential
Human capital includes all features which affect productivity of an individual, including education, intelligence and innate talents, as well as connections which affect adaPtability of a socio-ecoloGical system. the case of a Polish ... human performance and work efficiency (Kotarski 2013) . in the applied methodology of original research of adaptability of Polish municipalities (SES) at risk of flood, human capital is an analytical term perceived with respect to three areas of activity of municipalities: health, education (Sztompka 2002) and civilisation (Szacki 2002) 1 .
it means that the planned catalogue of determining factors of municipalities' adaptability must involve characterisation of a municipality not only through its social and demographic profile of its inhabitants, but it should also refer to various resources held by the municipality which define quality of life of its inhabitants.
Meanwhile, the social potential means the community's capacity to undertake various types of activities. These activities may be reflected in forms of organisation of the social life (including political life), the residents' shaping of and participation in the cultural life of a municipality-SES, as well as the capacity to react to crisis situations.
Thus, in the category of human capital and social potential, six features affecting adaptability of a municipality-SES were identified: -F1 health capital, -F2 educational capital, -F3 civilisation capital, -F4 ability to identify crisis situations and react to them, -F5 ability to organise social life (including political life), -F6 cultural potential.
The features of a municipality-SES included in the category of human and social capital are discussed in table 1.
Features which determine the adaptability of a municipality-SES within the category of features of financial potential
A municipality's financial potential involves its capacity to acquire financial resources and to use them effectively to implement its objectives considering a reduction of flood risks (Dumieński et al. 2018a) .
in the discussed category, three features affecting the adaptability of a municipality-SES to flood hazard were defined: F1 it describes the municipality's residents' demand for medical services, considering their age and professional activity; as well as health care supply organised in the municipality municipalities-SES where supply of healthcare services covers the demand for such services to a larger extent may shape their adaptability on the relevant level in terms of identifying the flood hazard. If a municipality-SES is able to satisfy its residents' health needs, it means that it holds sufficient resources it will focus on threatened residents in the case of flood.
F2 it describes documented educational
competencies among the municipality's residents and leaders; as well as supply of education services at the territory those municipalities-SES which display higher supply of education services and whose residents and leaders hold high level of education and specific leadership competencies, have high adaptive potential and high adaptive capacity, resulting in taking reasonable and experience-based decisions with respect to flood hazard assessment, as well as risk management before, during and after the disaster.
Knowledge capacity
Knowledge about the hazard and the risk.
Knowledge about how to prepare for, cope with and recover from the negative impact of a hazard. Knowledge about other actors involved in the handling of hazards and disasters. Knowledge about formal institutions such as legal frameworks and specific laws.
Knowledge about underlying informal values, norms and beliefs of different F3 it describes supply of cultural services within the municipality residents of a municipality-SES of high supply of cultural services display higher activity and will fare better at uniting and solidarity with affected neighbours in a situation of threat. They can be expected to be able to self-organise in the case of flood threat. They are more sensitive to human suffering in the case of a disaster threatening their neighbours. They have the capacity to organise themselves to reduce adverse consequences of a flood.
F4
defined as the residents' ability to actively self-organise in extraordinary situations threatening the municipality municipalities-SES which have organised activities in the past, reacting to different types of threats identified by the unit, may be described as having higher adaptive capacity in case of a flood Motivational capacity (referring to features F4-F5) Motivation to prepare for, cope with and recover from the negative impact of a hazard. Building a sense of responsibility for one's own actions but also for those of other actors.
F5
defined the residents' ability to build a catalogue of leisure offers. It proves the residents' ability to self-organise, but it also shows that there are active local leaders in the municipality. for municipalities-SES of higher capacity to self-organise in the case of threat, one may conclude that their adaptive potential within human capital and social potential is higher.
F6
it described cultural activity of the municipalities' residents, as well as capacity of the residents and local authorities to organise local cultural institutions for municipalities-SES whose residents take active part in organised cultural life, we deduce higher adaptive opportunities in case of flood hazard. It reflects especially in higher ability to mobilise the local community in help action during a disaster. Table 1 . Features of a municipality-SES included in the category of human capital and social potential adaPtability of a socio-ecoloGical system. the case of a Polish ...
-F7 relevance of the structure of municipal budget with respect to the identified hazard, -F8 municipality's ability to operate its liabilities, -F9 municipal budget per capita.
The features of a municipality-SES included in the category of financial potential are discussed in table 2.
Features which determine the adaptability of a municipality-SES within the category of features of ecological potential
Ecological potential involves possibilities or predispositions of an ecological system allowing for its survival in crisis situations (e.g., flood). As highlighted in the definition of the socio-ecological system in chapter 4, the specific objective of the ecological subsystem is to survive. Therefore, in this category it is important to define the determining factors of municipalities' adaptability and presence of potential sources of environmental contamination in the flood risk area in the municipality.
Therefore, in the category of ecological potential the following three features affecting the adaptability of a municipality-SES were defined: -F10 variability of forms of development, -F11 diversity of forms of environmental protection, -F12 risk of environmental potential sources (Bedryj et. al. 2018) .
The features of a municipality-SES included in the category of ecological potential are discussed in table 3.
Features which determine the adaptability of a municipality-SES within the category of features of organisation potential
Organisational potential is reflected in the quality of organisational structures and binding law, in a certain type of thinking among local decision-makers and elites (including strategic thinking) and ability to organise the local community and external environment of the municipality for efficient and effective management of the community in a crisis situation.
in this category, three features affecting the adaptability of a municipality-SES were defined: -institutional potential, -ability to organise the local community, -ability to organise the external environment.
The features of a municipality-SES included in the category of organisational potential are discussed in table 4. Economic capacity -Availability of financial resources.
F8 this feature describes the municipality's financial condition.
It should be stressed that each disaster generates certain types of damage and negative consequences -including financial ones. A fast path of a municipality-SES to restoration of functionality of social, economic and ecosystem services it provides requires taking loans or credits to rebuild the lost technical infrastructure etc. municipalities-SES which have higher potential of processing their liabilities, have higher adaptive potential in the discussed area of financial potential.
F9 it describes the wealth of the municipality and its residents which involves assigning their own financial resources in the case of occurrence of a crisis situations (flood) which involve additional costs and expenses. it should be assumed that wealthier municipalities (and residents) will manage better potential consequences of a flood due to the financial resources held, e.g. they will begin activities aimed at infrastructure reconstruction, payment of benefits etc. more quickly. Table 2 . Features of a municipality-SES included in the category of financial potential Table 3 . Features of a municipality-SES included in the category of ecological potential Feature Definition Impact of the feature on assessment of the adaptability of a municipality-SES to flood hazard F10 it describes the municipality's sensitivity to flood hazard arising from the specific nature of land development within the municipality at risk of flood. municipalities-SES with variable development of land at risk of flood, with dominating share of ecosystem areas, have lower vulnerability to the threat, and thus higher adaptability.
F11
it describes biodiversity and quantity of types of legal forms to protect nature if municipalities-SES are characterised by biodiversity, they have multiple legal acts regulating its protection. Such units benefit from environmental services and on one hand they may reduce flood hazard, while on the other they may be a source of benefits for these municipalities.
F12 it describes exposition of the municipality to harmful substances released from potential sources of flood-related environmental hazard, including: industrial plants, cemetery, sewage treatment and pumping stations threatening the natural environment, and especially residents' life and health (more in: Bedryj et al. 2018) . if there are more potential sources of flood-related environmental hazard at the area of municipality--SES at risk of flood, then its vulnerability to potential negative consequences of a flood is bigger. (Gupta et al. 2010) .
Procedural capacities (referring to features: F13-F15) Having an understanding of how to elicit and apply the aforementioned capacities, skills and knowledge stocks.
Network capacities (referring to features: F14-F15) Possession and exploitation of social capital, that is, the "aggregate of the actual or potential resources which are linked to possession of a durable network of more or less institutionalised relationships of mutual acquaintance and recognition" (Bourdieu 1986 ). Possession or development of the ability to establish and stabilise trustful relationships among and between different organisational, local and individual actors.
F14 it describes the municipal institutions' capacity to organise the municipality's local environment where the municipality will be ready to take efficient action to reduce negative consequences of a situation of flood risk, as well as actions to restore normal functioning of the municipal community after a flood. municipalities which will take initiative and act in relation with reduction of negative consequences generated by disasters (including flood) hold higher adaptive capacity with regard to flood hazard.
F15 it describes the municipal authorities' capacity to cooperate with its external environment (institutions which are not owned/managed by the municipality). The objective of this cooperation is to increase the municipality's adaptability to the identified flood hazard. creating efficient cooperation with external units, especially with respect to actions reducing flood hazard leads to increased adaptability of the municipality.
The set of social capacities presented by Kuhlicke et al. (2011) corresponds with features affecting an SES' adaptability to flood hazard, as selected by the authors. it should be stressed that different terminology may be applied within methods of assessment adaptability of a municipality as a socio-ecological system at risk of flood, as selected by the authors (the authors' explorations concerns specific capital/ potential, while Kuhlicke et al. (2011) refer to resources/capacities), however, their understanding or classification is similar or identical (e.g. knowledge capacity vs. educational capacity). For example the feature of educational capital (F2) may be conditionally identified with the category of knowledge capacity, as long as curricula contain knowledge of areas involved in the definition provided by Kuhlicke et al. (2011) . Unfortunately, the level of education of the residents of Polish municipalities does not translate to knowledge capacity, because school curricula in Poland do not contain knowledge referred to by Kuhlicke et al. (2011). in the case of the economic capacity category suggested by Kuhlicke et al. (2011), its description focuses on "availability of financial resources". in the present article, the category was described in more detail by including three features to reflect a municipality's financial condition, as well as the wealth of its residents and its capacity to consider consequences of flood hazard in budget construction.
in the category of organisational potential (c4), the authors identified three features: institutional potential (F13), ability to organise the local community (F14) and ability to organise the external environment (F15), while Kuhlicke et al. (2011) defined three categories corresponding to this concept of the authors. These are: network capacities, institutional capacities and procedural capacities. The authors claim that separation of institutional and procedural capacities as applied by Kuhlicke et al. (2011) is conventional as these two features are very strongly related (in the Polish situation this is also due to the binding normative regime). Therefore, the authors covered these categories of social capacities by Kuhlicke et al. (2011) , i.e. institutional and procedural capacity by a single feature: institutional potential (F13). in the present article, the institutional potential (F13) refers to network capacities and institutional capacities (Kuhlicke et al. 2011) .
Kuhlicke et al. (2011) did not investigate a separate ecological aspect due to the scope of their analyses which concerned the social system. Therefore the set of 6 categories of features of the social system which affect social capacity, as presented by Kuhlicke et al. (2011) , corresponds to three categories of features of the social system defined by the authors: human capital and social potential (c1), financial potential (c2), organisational potential (c4), as well as to most of features of a municipality included in these three categories to describe its adaptability.
Conclusions
For the purposes of original research, the article attempted to redefine such terms as the socio-ecological system (SES) and adaptability with respect to the analytical category of a municipality at risk of flood. Adaptation of these terms resulted in a necessity to order some related terms, such as adaptation, adaptive capacity or adaptive potential.
The study confirmed the thesis that any Polish municipality at risk of flood may be analysed as a socio-ecological system. it should be noted that in Poland a municipality, defined as an SES, is a major actor implementing various actions of the local level which serve to increase its adaptability in view of the identified flood hazard.
Finally, fifteen features which determine the adaptability of a socio-ecological system (municipality) were defined within four categories. These features shape the system's adaptive capacity and adaptive potential. The authors believe that the selected features may be also useful for assessment of the adaptability of another SES similar to the investigated one, they may also be used for analyses in the context of other types of natural hazards (e.g. drought). Therefore the authors consider the recommended set of features to be universal. Figure 2 presents the four categories including the 15 features which determine the adaptability of an SES to flood hazard.
it should be noted that the suggested catalogue of 15 features affecting the adaptability of a socio-ecological system (municipality) is not a closed list. This means that the provided set of determining features can be modified. it can be broadened to include other criteria or else it can be narrowed by elimiantion of some factors listed in the proposition.
The research conducted by the authors, aimed at development of a tool to allow assessment of the adaptability of municipalities as socio-ecological systems to flood hazard was then focused on identification and selection of variables (indicators) which could enable description of the listed features. The set of indicators was defined in detail based on information obtained in the public sphere (from the databases of Statistics Poland etc.), as well as based on a specifically developed questionnaire (Dumieński et al. 2020) . The tested research area covered by a preliminary assessment of adaptability included 18 municipalities located within of the sub-basin of nysa Kłodzka. The resultant rating of the adaptability of these units to flood hazard was presented in the work by Dumieński and his collaborators (Dumieński et al. 2018b ).
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